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論 文 内 容 要 旨
Introduction: A photosystem II- enriched membrane (PSII-em) consists of the PSII core complex 
(PSII-cc) which is surrounded by peripheral antenna complexes. PSII-cc has a dimer structure; each monomer 
consists of two core antenna (CP43 and CP47) and the reaction center (RC). The fluorescence quenching of the 
PSII complex upon addition of an oxidizing agent is still not clear [1]. Here, I will study the effect of an oxidizing 
agent on the fluorescence kinetics of a PSII-em, monomer (m), and dimer (d) structure of PSII-cc. 
Experiment: Time-resolved fluorescence spectra of a PSII-em, (m)-PSII-cc, and (d)-PSII-cc have been 
measured at low temperature (77 K) based on the streak camera setup. The data of PSII-em were globally 
analyzed with a new compartment model, which has a minimum number of compartments and is consistent with 
the structure-based simulation of PSII-cc [2]. The reliability of the model was investigated by fitting the data of 
different experimental conditions. 
                                      
 
Fig. 2 Schematic diagram shows pigment 
contribution to the PSII-cc dimer 
structure. Two thick arrows indicate the 
excitation-energy transfee from Chl29 
(donor) to ChlZD1+ in other monomer. Two 
thin arrows represent the energy transfer 
       
 
Results and discussion: From the compartment analysis as shown in Fig. 1, the energy-transfer time constants 
form the peripheral antenna to CP47 and CP43 were estimated to be 20 and 35 ps, respectively. With an 
exponential time constant of 320 ps, the excitation energy was estimated to accumulate in the reddest chlorophyll 
(Red Chl), giving a 692 nm fluorescence peak. The excited state on the Red Chl was confirmed to be quenched 
upon addition of an oxidant, as reported previously. The calculations based on the Förster theory, as shown in Fig. 
2, predicted that the excitation energy on Chl29 is quenched by ChlZD1+, which is a redox active but not involved 
in the electron-transfer chain, located in the D1 subunit of RC, in the other monomer with an exponential time 
constant of 75 ps. On the other hand, the alternative interpretation assigning Chl26 as the Red Chl was not 
excluded. The excited Chl26 was predicted to be quenched by another redox active ChlZD2+ in the D2 subunit of 
RC in the monomer unit with an exponential time constant of 
88 ps. We found that the fluorescence decay of (d)-PSII-cc was 
drastically quenched upon addition of oxidant whereas, there 
was no change in the case of (m)-PSII-cc. From these results, 
we proposed that Chl29 and ChlZD1+ are the main candidates in 
the fluorescence quenching pathway. This quenching pathway 
is consistent with our structure-based simulation of PSII-cc, 
which assigned Chl29 as the Red Chl. We can also conclude 
that the dimeric structure of the PSII complex plays an 
important role in the photoregulation processes. 
 
 
Fig. 1  Compartment model used for the target analysis of PSII-em, consisting of five 
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時間分解蛍光測定のデータから、複雑な構造を持つ PS II 内のエネルギー移動を明らかにするためには、さ
まざまなデータ解析手法に依存することとなる。特に、PS II 内部の多数の色素分子をいくつかのグループ
（Compartment）に分割したモデルを立て、Compartment 間のエネルギー移動のレート方程式を数値的に解くこ




報を反映したモデルを構築し、そのモデルにより 430 nm と 460 nm の二つの異なる励起波長による実験結果を
同時に再現できることを示し、モデルの有効性を示すことに成功している。また、過去に報告のあった酸化剤添






したがって、Ahmed Ibrahim Ali Mohamed 提出の論文は博士（理学）の学位論文として合格と認める。 
